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On the Rathmines Waterworks. — By Henry 

Johnston, Member. 

Before entering upon the details of the Waterworks con- 
structed under my superintendence for the Township of 
Rathmines and Bathgar, a short review of the circumstances 
which led to the construction of these works, in their present 
form, is necessary for a clear explanation of some points in 
connexion with them. 

The Township was incorporated in the year 1847. In the 
programme of the promoters, although a supply of water was 
contemplated, it was distinctly stated that — " with respect to 
a supply of water, although powers will be taken in regard 
to it, it is not expected or contemplated, for some time at 
least, that the Commissioners will have it in their power, 
from various circumstances, to undertake anything in respect 
to this important point." The powers taken by that Act 
were very full, and proved ample for all purposes connected 
with water supply; for instance, the 13th clause ^ves power 
of a very unusual character, the Commissioners being autho- 
rized by it to break up " any road, street, or place, within or 
witside the said district," to lay mains, &c. ; a very compre- 
hensive power indeed. It should be mentioned that previous 
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supply of forty gallons per head to double our present 
population, which is twice the quantity necessary where there 
are no manufactories. 

The Commissioners appointed a Water Committee from 
amongst their members (Messrs. Stokes, the Chairman; 
Parker, and Drury), and to them was entrusted the carrying 
out of all the official and practical details of the scheme. 
Those gentlemen, determined upon having the most perfect 
arrangement for collecting, filtering, storing, and distributing 
the water to every part of the Township, directed me to 
consult Mr. Bateman, of London, on the subject, admittedly 
the first Water Engineer of the day, and having received 
from him designs of the most approved method of so doing, 
the formation of the works was commenced in September, 
1862, and in ten months from that time the water flowed 
through the principal roads of the Township. I may here 
mention that the Water Committee, with great judgment 
and forethought, took advantage of the favourable state of 
the iron market, without waiting imtil the plans for the works 
were fully matured, and entered into a contract for the entire 
quantity of water mains at a very low price, with Messrs. 
Robert M'Laren and Co., Eglinton Foundry, Glasgow, after 
having received proposals for the work from several English, 
Scotch, and Irish houses in the trade. It is computed that a 
saving to the Township of at least £2,000 was effected by 
the arrangement, as the price of pipes advanced considerably 
soon afterwards. 

A suitable position for the works not being procurable on 
the Southern, or Kathmines side of the Canal, a convenient 
site was obtained for the purpose on the Northern side, at 
Grallanstown, above the 8th lock, and jibout 4^ miles from the 
Township, a position where the level, as already mentioned, 
is more than a mile in length, and, consequently, forms an 
immense reservoir of water, still, therefore, clear 178 feet 
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it would have been necessary to form round the reservoir and 
filtered beds, the land being several feet below the level of 
that on the opposite side, where the works have been made. 

There are three filter beds, each of which is 60 feet \>y 40 
feet, and 6 feet 6 inches deep. The water is admitted into 
them from the Canal through a 15-inch pipe, which is inserted 
in the western embankment, nearly on a level with the floor 
of the beds ; it rises from thence though the admission wells, 
and spreading over the surface of the filtering material, which 
is composed of fine sand, gravel, and broken stones, in 
successive strata or layers, percolates as it filters through open 
work brick drains, covered with random flagging, into the 
outlet wells, and thence into the reservoir for distribution. In 
each of these admission wells is placed a valve, by which the 
water can be shut out from any one of the beds for the pur- 
pose of cleaning, washing, or renewing the filtering materials, 
the other two being quite ample for supplying the reservoir. 
The outlet wells have also side valves, in connexion with a 
6-inch waste pipe, aid in the enbankment, which drains the 
filter beds, after the valve on the pipe which supplies the 
filter beds from the Canal, and also the valve on the pipe 
leading into the reservoir have been shut ofl*. The floors and 
sides of beds are lined with fire bricks, set in hydraulic mortar ; 
the admission and outlet wells are built of similar materials, 
and finished on top with heavy granite coping. A puddle 
wall, two feet thick, and extending one foot below the level 
of floors, is inserted in all embankments surrounding the 
filter beds and reservoir. The earth or foundation floor of 
the works is naturally a stiff" retentive clay, not requiring 
puddle or other material to render it thoroughly water-tight. 
These filters prepare about half a million gallons per day, and 
there is sufficient land to construct double the present number 
of beds, should they be required, while the main pipe is more 
than sufficient to pass down a million gallons daily. 
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ones for tapping, and are arranged so as only to deprive a 
limited number of houses of water at a time, during the 
process of fitting for domestic purposes, which generally 
occupies three hours. It would prove very inconvenient to 
persons living at the extreme end of the Township, if, when 
a house quite close to the Canal were fitting for supply, their 
houses, as well as several hundred others along the line of 
main, were deprived of water for even so short a period. All 
the mains have been prepared with turned and bored joints, 
and have not only proved perfectly staunch, but also saved a 
very large sum of money, which would have been expended 
on labour and lead, if the old system of joints had been 
adopted. All the pipes are laid so as to have 3 feet of 
covering from the surface of the roads, and in no instance 
have the joints been acted upon by atmospheric changes. 
The valves used throughout the works were supplied by 
Messrs. Guest and Chrimes, of Rotherham ; the hydrants and 
fountains by Leadbetter and Co., of Glasgow, all of which 
were of excellent workmanship, and have given the utmost 
satisfaction. The lead service pipes, which are unusually 
heavy, for the prevention of bursting by -frost or excessive 
pressure, as well as brass work in ferules, stop-cocks, couplings, 
&c., for internal fittings, have been supplied by Dublin houses. 
The entire outlay from first to last amounted to £16,800, 
made up as follows :— 

2,200 tons of pipes, valves, and laying ... £12,538 
Reservoir, filter beds, boundary walls and 

other works at Gallanstown . . ... 3,352 

Every other outlay , including land , engineer- 
ing, law costs, stamps on bonds, imple- 
ments, &c. ... ... ... ... 910 

£16,800 

The actual cost of the works complete I estimate at about 

£10,000, this including the reservoir and all subsidiary work. 
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near the extremities of the girder, which are subject to the 
most severe strain in the case of uniform loading. 

The load in tons, with the observations made during the 
experiments, are given in the following table. The deflections 
were taken by means of a horizontal cord, one end of which 
was attached to one side of the girder and the other passed 
over a small pulley attached to the opposite side of the girder, 
and was kept in tension by a weight. The letters refer to 
skeleton diagram. Fig. 5. 

Experiment 1, Fig. 1. 



Date. 


Total Weight 
in Tons. 


DeflectiOH 
at centre 
in Inchet. 


Obserrations. 


1854 
August 16th 


204 


•10 




}} 


25 


•15 




it 


30 


•19 




»» 


33 


•25 




»> 


40 


•32 


40 tons left on all night. 


„ 17th 

9> 


46i 


•32 
•32 


No perceptible increase of deflec- 
tion this morning. 


»> 


511 


•37 




»> 


60 


•46 


- 


»> 


61i 


•60 




»> 


684 




Kroke down, compression diagonals 
2' and 4' bnckllng at d and 
e, and the tension diagonal 
1' tearing across at its lower 
extremity. 1 



This girder is a lattice girder of the simplest form, viz., 
one in which two systems of triangles occur, but it will be 
observed that the load is supported nearly altogether by 
one system, only so much of the weight being conveyed 
by the second system as is transmitted through the flanges 
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Experiment 2, Fig. 2. 



Date. 


Total Weight 
in TonB. 


Deflections 
at centre 
in Inches. 


Observations. 


1854 








Aagast 24tb 


20 


•19 


Much wind, coDsequently diffi- 
cult to measure the deflections 


»> 


80 


•25 


accurately. 


» 


40 


•36 




» 


50 


•64 


50 tons left on all night. 


„ 25tli 


it 


•56 




>» 





•12 


Load reinoyed as the end com- 
pression bars showed symptoms 
of cunrin^; in an S form. | 



Experiment 3. 

The end compression bars, which had shown indications of 
weakness in Experiment 2, were blocked out into a bowed 
form without removing the girder from its position on the 
timber frames. See Fig. 3. In other respects this girder 
remained exactly the same as that described in experiment 2. 
The load of 50 tons, from which it had been relieved in 
Experiment 2 by means of screw jacks, was lowered down 
again. The following table contains the observations re- 
corded : — 
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Experiment 4, Fig. 4. 



Date. 



Total Load 
in Tons. 



Deflection 
at centre 
in Inchea 



Obaerrationi. 



1854 
Sept. 6ih 



» 



a 



„ 7th 



» 



)i 



» 



25 

50 
60 
70 
75 
80 

85 

90 

95 

100 



•10 

•38 
•43 
•47 
•55 
•63 

•74 

•79 

•86 



Tbeee 25 ions suspended from W} 
and W, only ; compression dia- 
gonal 7 showed symptoms of 
buckling at c. 



•25 



Backling at c gone ; a length 
of the lower tfmge = 20' 7i" 
extended ^" under this load, 
ue,, measuring from tons. 

After 5 hours no further deflec- 
tion ; slight buckling in dia- 
gonal 6. 



The iron straps by which the 
weight was suspended gave 
way. 

Set of girder from 100 tons 
evenly distributed. 



The iron suspension straps having given way, the ultimate 
strength of this girder was not determined, but as the weight 
^hich it did carry was considered ample, no further experi- 
ttoents were made, and this very cross girder is at present 
cJoing good service in the bridge. The remaining cross 
girders were made of nearly the same form. 

If we assume that the vertical pillars supported one-half 
the loads resting immediately over them, then each of the end 
compression diagonals sustained a pressure of about 53 tons 
from the load of 100 tons distributed equally at the four 
points of loading. The weight which they really do support 
is uncertain, but it is reasonable to suppose that they will 
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[Read January 8th, 1868.] 

On the Repair of the River Wall at Burgh Quay, 
Dublin. By I. J. Mann, C.E., Member. 

So far as the author has been able to ascertain, few instances 
of the repair of river or dock walls are recorded; in the 
majority of cases, when failure occurred, reconstruction seems 
to have been the usual remedy adopted. 

There is little doubt tliat repairs, such as those referred to, 
are always more or less hazardous, and, if unsuccessful, not 
calculated to improve the reputation of the engineer ; while 
reconstruction, though not generally so economical, is, as a 
rule, a certain remedy. 

Before entering on a description of the method of repair 
adopted at Burgh Quay, which forms the subject of this 
paper, a few instances of a similar character, though probably 
known to many, may be very briefly noticed. 

SOUTHAMPTON DOCK WALL. 

At Southampton the dock wall which failed was 38 ft. in 
height, constructed of brickwork and concrete bays up to the 
level of low water, the remainder of rubble masonry faced 
with granite ashlar. 

It was built on a timber platform 6 in. in thickness, the 
front of which rested on piles, while the back rested on longi- 
tudinal sleepers laid on the soil. The foundations varied from 
sandy clay to sand and quicksand. 

Before the excavation of the dock was completed the wall 
showed symptoms of moving forward, but it was thought 
that when water was let into the dock the wall would be 
sufficiently relieved of the back pressure to remain firm. 
This, however, did not prove to be the case, and the wall 
still partially moved forward. Additional engineering advice 
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SHANNON EIVEB WALL. 

A wall on the east bank of the river Shannon at Limerick 
failed in a somewhat similar manner to the dock wall at South- 
ampton, and is an instance of successnil repair and partial recon- 
struction at comparatively small cost. This wall runs parallel 
to the Limerick dock wall, and about 80 ft. to the westward of it. 
It is about 25 ft. in height, built of limestone ashlar, on piles, 
the natural foundation consisting of black sandy mud, under 
which lay a stratum of stiff clay about 2 ft. 6 in. in thickness, 
and below this the rock. The bearing piles were of roimd 
timber about 14ft. long, and driven vertical, having therefore 
but a slight hold in the clay ; when the wall was forced for- 
ward by the back pressiu*e it carried the piles along with it. 
The mode of repair was the following : — The wall was taken 
down to within about 3 ft. of the timber platform, which had 
been laid at the level of low water, and a row of whole balk 
piles 12 in. apart, having a batter of 1 in 4, was driven in front ; 
the heads of these piles were in contact with the face of the 
old wall, and carried a capping piece 12 in. square, on which 
rested the ashlars of the bottom course of the new wall. 
Thus the new wall was built on the portion of the old that 
had not been removed, its front being supported by the sheet 
piles and capping piece. Along the foot was placed a small 
bank of puddle, and over this a pitching of large stones form- 
ing a substantial foreshore; counterforts, each 4ft. square, 
rest on a bed of concrete, and the whole of the back of the 
wall is lined with puddle. Its batter is 1 in 5, the back 
being nearly vertical, and the ashlar courses are laid perpen- 
dicular to the face. The work has been" finished about two 

■ 

years, and no movement whatever is perceptible. The length 
repaired was 470 ft., and the cost £2,800. These repairs 
were designed by Mr. W. Forsyth, the engineer of the Board 
of Public Works, who kindly furnished the foregoing par- 
ticulars. 
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form an interesting and useful list, but the foregoing are 
sufficient for the object of this paper, which is by no means 
intended to enter on the general question, but merely on one 
particular case which will now be described. 

The river wall at Burgh Quay, on the south side of the 
Liffey, and immediately east of Carlisle Bridge (see Plate III., 
Fig. 1), had for some years shown various signs of weakness 
and failure. The flagged pathway and part of the roadway 
had subsided considerably, the wall had also sunk and was 
moving slightly towards the river; its batter, which had 
originally been about 1 in 12, was reduced to about 1 in 30, 
and two raking cracks or fissures, one at each end, defined 
tKe length of the failing part. It therefore became necessary 
either to rebuild or repair it. The latter course was adopted, 
and has been carried out successfully at little more than one- 
half the cost of reconstruction. 

The wall was built about the commencement of the present 
century, and consists of rubble masonry set in lime mortar, and 
fiwed with granite ashlar in 12 in. courses, carrying a parapet 
with heavy ashlar coping. Its section varies slightly, but the 
one shown in the drawing (Fig. 3, Plate III.) may be taken 
as the average. 

The filling at the back was found to be of a very heteroge- 
neous character, consisting apparently of old building rubbish 
deposited at random. Two main sewers and a smaller one empty 
themselves into the river through the wall ; an examination of 
these sewers showed that they had partially sunk, and were 
much dilapidated at their junctions with the wall, so that 
as each tide flowed the water obtained easy access to the back 
of the wall, and, returning with the falling tide, carried with 
it some of the finer particles of the filling. Borings made 
in the bed of the river close to the foot of the wall, to 
ascertain the nature of the foundations, gave the following 
average results: — Mud, 2 ft. ; blue clay, 10 ft. ; sand, 2 ft. 
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and screwed up tight, the heads and washers being counter- 
sunk into the outer wale. 

Opposite the sewers the piles were cut to the level of the 
sills, and extra waling pieces bolted on with 1 in. bolts through 
every pile, the upper waling pieces being cut away so as to 
permit the tide flaps to open readily. All the soft mud and 
sand in the space between the front sheet piles and the wall, 
to a depth of 2 ft. below low water, was removed and replaced 
by Portland cement concrete well rammed. The concrete was 
formed of four parts clean ballast to one of cement, thoroughly 
mixed in as stiff a condition as possible, and put in place at 
dead low water of spring tides. The propriety of placing 
concrete in water even 3 ft. in depth, as was done in the present 
instance, without any protection to prevent the cement from 
washing out, has frequently been questioned. There is little 
doubt, however, that if Portland cement concrete is mixed 
extremely stiff, it may be thrown into moderately still water of 
the depth specified without suffering any serious injury. Apiece 
of this concrete taken from the foundations of the new North 
Quay- wall, Dublin, 17 ft. below low water, which, immediately 
after being mixed, was thrown into the agitated water, running 
along the bottom of the cofferdam to the pumps, and exposed 
to its action for nearly three months, is apparently quite as 
good as if it had been treated far more favourably. 

[The standard low water at Dublin is the average low 
water of equinoctial spring tides, and is 1 ft. 4 in. above the 
Ordnance Datum plane ; the average range of the equinoctial 
spring tides, or the difference between high and low water 
is 13 ft.] 

Fender piles 10ft. apart centres are placed along the face 
of the wall, to prevent the bilges of the vessels lying 
alongside from resting on the top of the sheet piling; 
these fenders consist of sheet piles extending 10 ft. 3 in. higher 
than the average; between this upper part of the fender 
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bdng used to drive them. The back longitudinal timbers 
and washer-blocks are creosoted, 7 lbs. of oil to the cubic foot 
being the quantity specified. With regard to creosoting, it 
may be mentioned that the experiments undertaken by the 
French Government at Sables d'Olone, in the Bay of Biscay, 
extending over the years 1862 to 1866, have shown that the 
process not only preserves timber from the destructive effects 
of worms, moisture, dry-rot, &c., but that creosoted white 
woods acquire increased tenacity and elasticity, becoming, 
at the same time, much harder ; and that in maritime works 
it is sometimes advisable to substitute creosoted white woods 
in place of oak, being not only less expensive as to first cost, 
but also more durable. From 1 3 lbs. to 34 lbs. of oil per cubic 
foot was forced into the timber experimented on at Sable 
d'Olone, the average being 20 lbs. per foot. This quantity is 
largely in excess of that usually put into timber in this 
country, which, as far as the author has had any experience, 
does not exceed, on the average 5 lb. or 6 lb. per cubic foot. 

The longitudinal beams are respectively lift, and 17ft. 
above the foundations. It may appear at first sight that the 
front longitudinal beams are superfluous, as the tie bars could 
have been made to pass directly through the fender piles, 
which would then act as the beams do now ; it will be seen, 
however, that had this plan been adopted, should any further 
subsidence take place in the wall — which was by no means 
improbable — the upper part would hang on the tie bars and 
remain fixed, while the lower, in subsiding, would be obliged 
to part from it, this result being fatal to the whole structure. 
The present arrangement will permit the wall to subside 
without further injury to itself or the piling, save drawing 
the spikes which fasten the curved iron capping plate to the 
upper beam. 

The filling between the back sheet piles and the wall, 
to a depth of 6 ft. below high water, was removed, and 
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drawing show approximately its direction; the distance 
between the centre of pressure and the centre of figure being 
about one-third of the breadth of the joint, which is rather 
less than is allowed in retaining walls of modern construction. 
The ratio of the moment of stability to that of pressure was 
as 1*6 to 1. The arrow crossing the lower tie bar behind the 
wall shows the direction of the line of pressure if the 
rammed gravel is considered as forming part of the struc- 
ture. The formula used in the calculation was the familiar 

one, P=w7X~Xtan ^^. An instance of the practical truth 

of this formula came recently under the author's notice in the 
overturning of a wall by the pressure of coal heaped against 
it to a height of 11 ft. In this particular case correct values 
could be obtained for the symbols, and the result showed that 
the pressure exceeded very slightly the stability, the line of 
pressure passing almost exactly through the outer edge or 
foot of the wall. 

The failure of the Burgh Quay wall, as also of most of the 
others referred to, is mainly attributable — first, to the free 
access of water from the front to the back ; and secondly, to the 
foundations being of a nature easily and injuriously affected 
by running water. 

The effect of the presence of water at the back of a wall 
similar to the one under consideration is obviously to increase 
the weight of the filling by saturation, and to diminish the 
angle of repose, both of which augment the pressure, while at 
the same time that part of the wall immersed loses by dis- 
placement more than one-third of its only element of stability, 
namely, its weight. The pressure of the water against the 
face must of course be taken into account, remembering, 
however, that the water falls much faster outside than inside. 

In most cases a well built retaining wall may be considered 
water-tight, and if the water finds its way from the front to 
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or cutting, may be of some service to those commencing 
their studies in the Engineering Profession, and this, I trust, 
wiU be a sufficient apology for bringmg a subject so elementary 
before the Institution. 

In Fig. 1, which is an isometrical sketch of a cutting, 
Let the constant base D C = B, 

the extreme heights P C and P' C = H and H', 
the ratio of slopes B P P C = N, and 
the length C C of the cutting z= L. 
If we now conceive two vertical planes to pass through the 
lines C C and D D' they will divide the cutting into a central 
block and two wings. 

The central block is a prism whose base is the trapezium 
P P' C C and height C D, its volume is therefore 

= (5JLiL' l) B (1) 

Let us now conceive a plane to pass through one of the 
extreme heights Q D, and the point A', it will divide the 
wing into two pyramids, the base of one is the triangle 
A Q D, and its altitude D D' the length of the cutting, its 
volume is therefore 

L 



-i'^) 



3 .*'' 

The other pyramid has for its base the trapezium 

Q Q' D' D, and for its altitude the line A'Q', its volume is 

therefore 

= (— ^Ljn- (3) 

Adding (1), (2), and (3), and remembering that there are 
two wings, we get the volume of the cutting 

= L |b ^-j^ + 1 (H2 + H H' + H'2)| 

Q. E. D. 
A model of a cutting with the above sections shows the 
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whole thing at a glance, and this I have found of great service 
in teaching the subject. 

METHOD OF GETTING THE QUANTITY OF EARTH IN A 
CUTTING WITH A STEEP GRADIENT. 

In Fig. 2, let A B C D A' B' C D' be the cutting whose 
volume is required, the plane of the base DC D' C being 
inclined to the horizon. 

As before let P C = H 

P'C = H' 
DC = B 
the length of the cutting measured horizontally = L, the 
cotangent of the angle which the plane CB B'C of the wing 
makes with the horizontal plane = w it will be observed that 
this is not the ratio of P B to P C. 

The gradient of the road = m. 
Now it is evident that by dividing the solid in a similar 
manner to the last, the volume of this cutting 

Where 6 = P B and 6' = P'B'. 

Conceive now a horizontal plane to pass through C, it will 
cut the wing in C M and the vertical plane in C T ; join M T, 
draw M E vertically, join P E, from B' let fall the perpen- 
dicular B'K on the plane P E M, draw R S parallel to E M, 
and join B'S ; let the angle M C T = = E B'R. Now, 

B'R . C T , , 

n = -=p-^ and m zz jf^-r^, hence we have 

6' = ^and6= "^ 



We have also Cosd = 
*. where n = M T. 



Cose Coso 

L 



VX/ + n 



2 
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Prom similar trianffles x = — y^ — ^r 

° miuosu 



eliminating x we get CosO = V 1 — ^ 

Substituting we finally get volume of cutting = L 

JBlL^iL' + 3^r_n« (H' + HH' + H'»)} 



And the half-breadths — 

nH 



6 = 



\/l — 7?^ 

2 



m 

and 



6' = 



.2 



7/1' 

The above formula does not differ materially from the usual 
"prismoidal" which it becomes if we regard m as infinite. 
Still cases may occur where the difference would be important. 



[Read April 8th, 1868.] 



On Anderson's Patent Lock Arrangement for 
Railway Signals. By John Bailey, Member. 

Next to working our railway system at all, it behoves us to 
consider the best means by which it can be in safety — as 
far as human foresight is allowed to go. Of course we 
cannot guard against accident at all times, but we may do a 
great deal towards it, by care and good machinery. Would 
it not be a great saving to many railway companies if, instead 
of waiting till desired by Government — ^in consequence of an 
accident — they would of their own free will place the more 
dangerous points of their line in a state of better eflSciency ? 
Thirty thousand pounds is no unusual amount for an action 
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E and L for the distant signals of the tramway which runs 
from the Avoca mines to Arklow, G is for the branch line 
distant signal, K the station tramway signal, and the remain- 
ing lever works the points. Each of these levers, except the 
ones attached to the main signal posts, pass through the floor 
to the cast-iron beam R, which crosses the house at right 
angles to the levers, the ends of the said beam being built 
into the wall of the house, or attached to the wood framework 
if there are no walls. Fig. 2. — There are suitable double 
jaws cast on it, between which the fulcrums of the levers are 
secured by means of a pin passing through them. These levers 
move in wrought-iron quadraQts, fastened either to the floor, 
or to a cast-iron frame, to which can be bolted all the quadrants 
required in the house. The levers are secured in their various 
positions by a spring catch, or bolt attached to the back of 
each, which moves in and out of a notch cut in the quadrant. 
The levers are connected with the distant signals by means of 
galvanized, stranded, or twisted iron wire, which passes over 
pulleys placed about 40ft. asunder; and to the switches by 
gun barrel tubing working through ground brackets or sup- 
ports, with two rollers in each, one above, and one below the 
tube ; these are placed about 14 ft. asunder. It will be perfectly 
clear to all present, who have any knowledge, however slight, on 
the subject of signals, that each and every one of these just des- 
cribed could be lowered from their normal state to " caution," 
" all clear," or raised back to " danger," by the man in charge, 
perfectly regardless of the consequences which may ensue 
from the careless performance of such an act. In order to 
guard against this the patent "locking" apparatus (which 
forms the subject of this paper) is attached, and which I will 
now endeavour to describe, though really its simplicity is such 
that a glance is sufficient to master its principles, and a 
moment's reflection ample to impress the mind with its utility 
in a signal house. The idea has been borrowed from that 
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worked in a particular order ; the points must be made before 
the signals are lowered, and to ensure this being done, the 
holes which come opposite the lock rods of C and F in the 
selecting bar, are cut a little lower than the holes in the guide 
bar, consequently the signals cannot be moved till the selecting 
bar has been raised, say a quarter of an inch. This is accom- 
plished by tapering the end of the points' lock rod which acts 
as an inclined plane, up which the selecting bar travels, so the 
man in charge must first make his points, after which he can 
make his signals C and F. It now becomes necessary to lock 
the points, in order to prevent them being shifted back to 
their former position while the signals are down and before 
they have been replaced to ** danger." To accomplish this a 
notch is cut on the upper side of the points' lock rod, imme- 
diately under the guide bar N, and the lock rod of the station 
signal C is tapered at the end in the same manner as the 
points' lock rod, so that by the act of lowering the station 
signal C the selecting bar is again raised, and the notch in the 
points' lock rod comes in contact with the guide bar N, 
which most effectually locks the points during the time the 
signal is lowered. Thus by simply shifting the selecting bar 
you can make any number of combinations among the levers, 
no matter how numerous they are, and without adding any 
machinery for new combinations. When the points are 
required to be worked without the signals — that is to say 
when they are required for shunting — the selecting lever is 
moved into the notch, opposite to which is marked the word 
" shunting," which causes a blank in the selecting lever to be 
apposite each lock rod in the house, excepting the one belong- 
ing to the points. As the lowering or raising of all in any of 
the remaining signals is more or less a repetition of the simple 
process just described, it is quite unnecessary for me now 
to revert to it. If the number of levers in a house exceeds 
twenty, it is best, in most cases, to divide the selecting bar 
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signal house, and by its movement the man in charge knows 
whether his distant signal is working correctly or not. Gal- 
vanic repeaters are often used, but they are very liable to get 
out of order, and therefore ought not to be adopted, when it 
is practicable to employ an auxiliary signal. Fig. 6 represents 
a points indicator, a small signal which seems often to be 
sadly neglected, or rather not suflSciently appreciated. It is 
placed directly opposite the points, and is worked from the 
end of the switch rod direct. The engine driver can tell for 
a considerable distance for which road the points are set, and 
also if they are perfectly closed or not, which is at once appa- 
rent by the moveable arm coinciding or not with either of the 
fixed ones. All distant signals should be placed 500 yards 
before facing points, or from a station, unless the approach is 
situated on a great incline, when the distance should be ex- 
ceeded in proportion to the steepness of the descent. The 
signal posts manufactured by us are really the only durable 
ones constructed, being of cast-iron ; they are Sin. in diameter 
externally at the bottom, and Gin. at the top, the thickness 
being about ^in. ; they are most unique in appearance and 
substantial throughout. Fig. 8 represents what may be 
termed an anti-expansion and contraction lever, which is also 
patented by Mr. Anderson. It consists of a drum or wheel 
mounted loosely in a cast-iron frame, by means of a short 
horizontal shaft B; round this drum is lapped a chain on 
wire C, leading from the distant signal, and to the pendent 
end of the chain is attached a tension weight W, of cast-iron, 
which causes the chain to grip upon the drum or wheel. To 
the shaft B is attached a radius arm D, from which a bent 
guard, E, projects to act as a stop to its backward movement, 
and preventing its falling over or past its normal position. 
Connected to the upper end of this radius arm by a fulcrum 
pin is a weighted hand lever F, the lower end of which forms a 
click, and serves to act upon a ring of ratchet teeth formed 
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advantages, and are fast adopting it. As regards expense I 
have no ^hesitation in saying that it is by far the cheapest 
locking system in use, when compared with the amount and 
certainty of its work. 



[Read December 9th, 1868.] 



On the Method of P^reventing the Bursting of Domestic 
Water-pipes by Frost or Pressure. — By G. H. Kidd, 
M.D., Fellow of Royal College of Surgeons in Ireland. 

I CANNOT appear before the members of this Institute with- 
out feeling that I owe them an apology for so doing, for I 
am indeed quite ignorant of the very rudiments of engineering 
science ; I shall not, however, waste time with excuses, but 
simply ask indulgence for my deficiencies, for I have full 
confidence that if my suggestions have any merit they will 
be accepted, even though I am not a member of the profession 
to which the consideration of such subjects more especially 
belongs. 

The question is not, however, altogether foreign to my 
own professional pursuits, for the perfection of the arrange- 
ments for the supply of water is too closely connected with 
health to be overlooked by the physician ; and the domestic 
and economical importance of the subject is sufiScient to 
interest us all. 

Twice during the winter of 1866-67 I had my house 
flooded by the bursting of a pipe leading from a cistern at the 
top to the housemaid's sink, whereby the ceilings, furniture, 
and walls were seriously injured ; and during the same season 
the supply of water through the house was cut off for a 
considerable period in consequence of the obstructing of the 
rising main by the freezing of its contents, whereby I was not 
only put to great inconvenience and considerable expense, 
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are emptied without any special care, attention, or knowledge 
on the part of the servants. The requirements of the kitchen 
ensiure the water's being turned on frequently through the 
day, and the arrangement of the two-way cock affords an 
unlimited supply for kitchen piUT)oses. 

The rising main being thus perfectly protected both from 
frost and pressure, it remains to be shown how the distribu- 
tion pipes are also to be preserved. In public buildings, 
where they have to run considerable lengths, and in private 
houses, where they are placed near the slates, or in other 
exposed situations, the distribution pipes are as liable to 
suffer from frost as the rising main, and for perfect safety 
they must be kept empty. For this purpose small cisterns 
must be placed wherever a supply of water is required. If it 
be in a dressing-room, the back of the wash hand stand may 
easily contain the cistern ; and in like manner in other situa- 
tions it may be easily placed where it will neither be an 
obstruction nor unsightly. These cisterns may be supplied 
in one or other of two ways. A branch may be taken from 
the rising main to each, and a ball cock placed in the cistern. 
In this case, when the water is turned on, it first flows into 
the lowest cistern till it is full and the ball cock is closed ; it 
then rises to the next level, and so on fills each in succession 
till it arrives at the highest one of all ; here the mouth of the 
pipe is still left open, and when the cistern is full the overflow 
cuts off the supply, as already explained. In some situations 
a still better plan may be adopted ; the several cisterns may 
be filled by the overflow, and when the lowest cistern is full 
the overflow from it may pass down to the tank to cut off the 
supply when it enters the house. By either plan the distri- 
bution pipes will be perfectly protected both from pressure 
and frost; but by the second the use of ball cocks will be 
entirely done away with, which is no mean advantage where 
it can be accomplished. Like most other inventions it has 
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inches long, 14 deep, and 8 wide. The supply mun from 
the street is brought through an opening at one end of thia 
taatem, and has the stop^coch, A, placed on it there. One of 
Guest and Chrimes' screw-down ball-cocks, or some other 
fcHrm of high-pressure cock, may be used here. The exit end 
of this cock is connected by means of a T-shaped junction 
with the rising miun, o, and with a two-way ground plug 
cock, B, of which Fig. 2 shows a section. This cock, b, is 
connected by a lever rod, q, with the copper ball, b', which is 
6 inches in diameter. The cock, a, has also a lever rod, f, 
which at one end carries a weight, h, and at the other is 
connected by means of a link, k, with the lever rod, o, of 
cock B. Fig. 3 is a front view of this link, and shows a 
slot through which the lever, f, passes. Pius passed through 
the lever rods, g and f, on each side of the link keep it in its 
place. M is a pipe leading from the regulatbg tank, and 
closed by an ordinary bib-cock. This pipe may be conducted 
to any distance, or have any number of branches ; and all the 
water used in the basement story, either in the kitchen or 
scullery, in the boiler or in the servants' water-closet, is 
obtained through this pipe, m, or its branches. 

Fig. 2 shows a section of cock b. The apertures are so 

Fig. 2. Kg. 8. 
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this large cistern. A branch mast be taken from the rising 

main, o, for the supply of this cistern, and have an ordinary 

ball-cock on it. The pipe, M, must be permanently open, 

and be of such a size that it will take the tank, d, some time 

to empty itself. It may discharge into the large cistern. As 

soon as the water is turned on in the street it will pass 

the cock. A, into the rising main, and thence through the 

branch to the large cistern. As soon as the cistern is 

fall the ball-cock placed on it closes, and the water rises 

to the dstems on the upper stories, filling them in succession ; 

and when the highest is filled, the overflow comes down and 

fills the tank, D, raises the ball, b', closes the cock, a, cutting 

off the supply, and opens the cock, B, so as to empty the 

pipes. The tank, d, now empties itself slowly and gradually, 

and by the time the supply is turned on again the ball has 

&lleii, the cock, a, is open and b is closed, so that the water 

can enter the house till all the cisterns are filled. 

In conclusion, I claim for the invention — 

Ist. That it is original in design. 

2nd. That it is simple in construction, and little liable to 
go out of order. 

3rd. That it perfectly protects the two sets of pipes — the 
rising main and the distribution pipes — ^both from frost and 
pressure. 

4th. That its use renders it unnecessary to change the 
pipes in any house because of a change from a low to a high 
pressure system of supply. 



[Bead December 9tb, 1868.] 

C>n a Self-acting Regulator /or the Supply 0/ Water at 
High-Pressure.— By Charles Geoghegan, Associate. 

The important question of water supply at high-pressure 
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the water from the reservoir, the pressure upon which must 
be represented by the constant head of water maintained at 
the basin, from which they are laid. 

Provision by mechanical means has been made to allow of 
the escape of confined air from the pipes, which has been 
found a dangerous element in the system of water supply ; 
but until some perfectly reliable self-acting valve has been 
found to permit the air to be let oflF without causing a waste 
of water, this subject will remain a cause of anxiety to the 
hydraulic engineer. 

It was my intention, during the past session, to have 
brought before the Institute the very novel and ingenious 
invention of Dr. Kidd, for relieving pipes from the effects of 
pressure or frost, but as this matter has been more ably laid 
before you by the inventor himself, the merits of each system 
will now become the subject of your valuable opinion. 

It must be evident that any means of water supply to be 
at all times available, should be constant and self-acting; 
experience having proved that a system dependent upon per- 
sonal attention will be open to neglect or abuse, the result 
being that confidence in its successful action becomes weakened, 
and that which was in itself good, is cast into disuse for not 
being perfect, and therefore it occurred to me to endeavour 
to provide some means for ensuring a self-acting valve or 
inlet, which would not be liable to any of the objections which 
have hitherto been raised against the means of saving existing 
pipes and fittings, and the result of my experiments it will be 
my privilege now to submit to this assembly, comprising so 
many eminent, scientific, and practical authorities. 

In order to provide for a proper supply of water imder all 
the circumstances of household requirements, it is necessary 
that the main inlet should be so arranged that it may fill the 
highest cistern of any building, not depending on the action 
of any mechanical means requiring personal attention on 

E 
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chamber of the apparatus, depressing the water in same, and 
causing it to ascend in upper chamber, in which the ball 
floats, connected with the high pressure valve. As this cock 
closes it raises the balance tube (c c) charged with mercury 
above the horizontal position, allowing the mercury to fall 
over to the other end of the tube ; the momentum of which, 
acting upon the lever of the exhaust cock (d), causes it to 
open after the main inlet is closed, and thus empties the rising 
mam from the regulator up to the cistern. 

As water is drawn off from the cistern, the condensed air 
becomes liberated, the ball again descends, the exhaust cock 
closes by weight of lever, and the inlet opens as before. 

The vast quantity of water wasted throughout the city, 
from the neglect of due precaution, has induced the Water 
Works' Committee to impose heavy fines on all parties 
admitting of leakage, from whatever cause, the constant 
escape of water from high pressure cocks, of even the most 
approved principle, having already been the cause of serious 
complaint. Ample provision having been made for the 
present and increasing wants of the population of this city, 
but no possible storage can be made for that quantity of 
water which may be lost through the numberless cocks or 
pipes continually wasting. 



[Read 13th Jan., 1869.] 

Short Historical Sketch of the Construction and 
Working of the Bann Eeservoir at Lough Island 
Keavt, County Down, with the Description of a 
Long-existing Leak in the Main Embanbjuent, and its 
Repair in Autumn, 1867.— By John Smyth, jun., 
Member, M.A., F.M.S. 

Lough Island Reavy, Fig. 1, the chief reservoir for the 
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contributed to the Institution of Civil Engineers, an extract from 
which is published by Robert Mallett, Esq., F.R.S., in the 6th 
Vol. of Papers on Engineering^ edited by John Weale in 1849. 
In Sir Robert Kane's work on the Industrial Resources of 
Ireland^ a portion of Mr. Fairbaim's report is given, contain- 
ing the data on which he bas^d his calculations, and the 
estimates for the several works. I would remark, in passing, 
that nearly thirty years' experience in working the reservoir 
has more than borne out Mr. Fairbaim's calculations, as a 
glance at the accompanying table and diagram Plate 9, com- 
piled from the Register, will show. No register was kept 
previous to 1847, so we can only take the average of 21 
years. No rain-fall observations had been regularly kept 
at Lough Island Reavy before Mr. Fairbaim made his 
report, so he took the average of Ireland (36 inches) as the 
basis of his calculations. I have, however, kept a rain gauge 
at Lough Island Reavy since the 1st May, 1861, and find 
the average fall to be 48*2 inches ; and as the collecting ground 
of Lough Island Reavy is 3,300 acres, and the capacity of the 
reservoir 288,000,000 cubic feet, the total rain-fall would fill 
the reservoir twice in the year ; or, allowing ^th for absorption 
and evaporation, as Mr. Fairbaim has done, 1§ times instead 
of 1^ times, as he had anticipated. It is manifest, however, 
from the results already attained, that ^th is too little to allow 
for evaporation and absorption. To determine this amount 
as nearly as possible, it is intended to erect in the delivery 
feeder a weir board where the caretaker can measure the 
quantity discharged by allowing a certain fixed depth to pass 
over; this he can enter in his book, instead of, as at present, 
80 many inches open in each pipe. The difference between 
the rain-fall and the discharge will then show the amount of 
evaporation and absorption. 

In the table the first column gives the date, which com- 
mences with May, 1847 ; the second column shows the 
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valuable as steam ; the latter can be made available, however, 
in many places where the former cannot. Column 3 shows 
the number of days in each year the reservoir has been entirely 
empty — 11 is the average; and as the mills are generally put 
on short allowance for some time previous to these failures, 
that number may be doubled. By good management, how- 
ever, these failures can be almost altogether prevented, as 
will be seen to be the case of late years, if we except 1867, 
when the repairs were carried out. Column 4 shows the 
number of days the water was stopped, in accordance with a 
bye-law passed in 1862, that the reservoir should not be drawn 
lower than 15 feet before the month of August, to meet the 
objections of com and scutch millers, whose business does not 
commence till that season. These days, of course, should be 
added to those on which the reservoir was empty, to show 
how long it failed to give a supply. Column 5 shows 
how many days the gratuitous supply of 4 inches and under 
in one pipe has been granted to the small mills mentioned 
above ; the Directors, however, have put a stop to this since 
1863. In some few cases when the large mills, which are all 
below the Corbet Reservoir, are drawing their supply from it, 
a small supply from Lough Island Reavy must be given to two 
scutch and com mills above the Corbet Reservoir. Column 
6 shows the number of days the reservoir was full in each 
year; the average is 34, which is much in excess of the days 
it was empty. For some years back the sluices at the head 
of the feeders have been closed when the lake fills, as the 
Company were obliged to pay large damages some years ago 
to the landholders, whose fields were flooded ; there was no 
room in the reservoir to receive the surplus water which 
ran over the waste weir, and for its damages they were 
held responsible. Column 7 shows the highest level attained 
in each year, and the date on which it occurred; 38*6 
inches is the highest point to which the lake can be 
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inside of the puddle, and also on the face of the slope, well 

worked and trodden together in an almost dry state. This 

formed an excellent protection to the puddle, expanding as it 

contracted, and preventing cracks and settlements ; whilst on 

the face of the slope it prevents the water getting into the 

embankment. A course of gravel is laid, about 18 inches 

thick, over the peat, on the slope of the embankment, and 

above that stone-pitching 2 feet thick. The slope on the 

inside of the embankment is for 20 feet below the top of the 

bank 2^ to 1, and below that 3 to 1 ; on the outside, 2 to 1 for 20 

feet, and 2^ to 1 for the remainder. The embankment is 12 feet 

wide at top, and 5 feet above the top water level. A culvert 

is constructed in the solid ground under the embankment to 

discharge the water; it is divided in the centre by a solid 

piece of masonry, through which three 18-inch pipes pass; 

one of these is closed up, and the other two are suflS- 

cient to vent more water than the Muddock River will bring 

down to the Bann. As the inner half of this culvert is 

open to the reservoir, it is always filled with water; the 

outer one contains the two jupes, which are carried to the 

outside of the embankment, where the valves are placed. 

The side walls of the culverts are formed in two courses, the 

lower 21 and the upper 18 inches thick; the inverted arch is 

14 inches at the centre, and the arch 15 inches, built of 

granite ashlar, intended to be square jointed through, and 

bedded to the diflPerent radii, but unfortunately not so carried 

out. The central division is 5 feet thick, of square ashlar. 

The inner culvert is laid upon a bed of concrete 18 inches 

thick, and was intended to have been surrounded by puddle 

12 inches thick, the excavation being made just suflScient for 

this purpose. The superintendent, however, without Mr. 

Bateman's concurrence, altered this plan, and injudiciously 

placed a quantity of rubble backing behind the side walls, 

and then surroimded the whole by the clay which should 
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Directors gave directions that the pavement should be made 
up again, and that some more cementing of joints should be 
carried out in the tunnel and wing-walls, so as to diminish 
the leakage. By the year 1867 the leakage had increased so 
much as to give rise to serious apprehensions ; the water was 
spouting in large quantities from four or five joints in the 
outer culvert, and formed altogether, when there was 21 feet 
of water in the reservoir, a stream 3 inches deep passing over 
a board 2 feet long. The pavement at the old place behind 
the breast wall of the forebay was found to have sunk again, 
when the water had fallen low enough to leave it exposed, 
and a rapid stream of water was running into it. The 
Directors, after having several communications with Mr. 
Bateman, got him to visit the reservoir on the 17th October, 
1867. He reported on the' whole matter, described the 
origin of the leak, and recommended, as the only effectual 
means of putting an end to it, that the embankment should 
be cut open in the centre, down to the culvert ; the rubble 
backing and any soft or loose material existing there taken 
out, and that a perfectly water-tight wall should be erected on 
each side of the puddle trench, closely united to the existing 
masonry, and sunk down below the invert to the retentive 
ground, in which the bottom of the puddle trench was originally 
placed. As this was so large an undertaking, and it was 
then so late in the season, he recommended that in the mean- 
time the reservoir should be emptied, all open joints in the 
inner culvert caulked and cemented, and the ground opened 
where the sinking had taken place behind the forebay walls 
down to the very bottom of the foundations, and re-filled with 
good clay worked into puddle. He also recommended that a 
few stones of the invert of the inner culvert should be 
removed, and the concrete beneath examined, and if -found 
defective a length of 3 or 4 feet of the culvert should be 
cut open, the defective concrete removed and re-filled by 
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or earth, which was of a very inferior description, was put in 
behind the wall and around the culvert, and afterwards con- 
tracted and settled down, it left a space for the water to enter 
and run down into the mason work of the culvert. The 
inasonry of the culvert itself was defective, as the arch stones 
were not close jointed to the back and dressed there to the 
drcle, but rough and open. I was very desirous to adopt 
Mr. Bateman's recommendation to cut open part of the 
culvert, so that the cross-wall should be regularly commenced 
on the solid ground; and as it was brought up, properly 
incorporated with the old work; some of the Directors, how- 
ever, objected to the disturbing of the old masonry, under 
the apprehension that it would induce a settlement in the 
embankment, at the deep cut in which the men were 
employed; and as the season was far advanced, it was 
arranged to resort to the more expeditious plan of under- 
mining the culvert and making up the cross-wall underneath 
and around it. Although the other would have been much 
more complete, and as the embankment as well as the 
masonry, after thirty years' existence, must be very solid, 
there would be little danger in the operation, especially as 
there was a means of staying up the sides of the cut. It 
need not have taken much more time, provided a good 
foundation had been early obtained; and in case it was 
determined at some future time to prevent all trouble from 
the joints in the culvert, the metaJ pipes might be extended 
as far back as the cross-wall, where the tunnel would be 
closed by a solid wall or plug of firebrick and cement, 
expansion joints being provided for the additional length of 
pipe. The old concrete was found to be fresh and good, a 
vacant space, however, where the water had free passage, was 
found to exist between it and the Luvert. Beneath the con- 
crete the foundation was bad ; for although firm where free 
from water, in this wet place it got through the working into 
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^th, and in the same manner as, the puddle round the brick 
^ring-wall and culvert, leaving sufficient space on the top for 
the peat, gravel, and pitching. The bank was firm and good 
beMnd the eastern wing- wall, so it was not disturbed. A 
slight run of water at the comer of the forebay, on the east 
side of the culvert, continued all the time the place was open, 
supposed to be either a spring in the bank or the water 
which had got into the bank from the leakage returning 
slowly. The peat for the face of the bank was got out of the 
lake, which abounds in this substance, but as it was rather 
wet, some of the dry turf was cut up and mixed with it — all 
being well wrought together so as to be water-tight. I tried 
both the puddle, the old peat, and the new peat, as the work 
went on, by hollowing out in them receptacles for water, 
which proved by suffering no apparent diminution, that the 
bank, in the absence of pressure at least, was water-tight. 
Over the peat, gravel was carefully laid, and then the 
pitching made up and united with the old work, but raised a 
little higher so as to allow for some subsidence. In putting 
in the new material it was carefully stepped back on and 
united with the old. All the joints which were observed 
to be deficient in the forebay were scraped out and well 
pomted with Portland cement. In the inner culvert a stone 
was removed from the invert near the pipe end and all 
the water baled out from time to time. The loose joints in 
the sides and bottom were then cleaned out, beginning at the 
forebay, and surrounded by little clay dams into which Port- 
land cement mixed up with pounded cinders and reduced to 
a thin grout was poured as long as the joints received it. 
This was done with every joint until the recess where the 
stone was out was reached, and the grout flowed out there. 
The same thing was done from the pipe end to the recess, 
^hich was then made up with fire-brick and cement, and thus 
tlie entire invert and part of the sides were made good. It 

F 
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for Slst December, 1868, states: " The repairs executed last 

year at Lough Island Reavy tunnel withstood, in May last, a 

pressure of 26 feet (being the highest water of the year), 

previous to running off, and did not exhibit anything more 

than a slight leakage — so slight, indeed, that your Directors 

did not consider it necessary to make any search after it this 

year. The pressure is now 34 feet, being within 4^ feet of 

top water, and no appearance of increased leakage. The 

amount at present passing out between the pipes at the 

mouth of the outer culvert forms a stream | inch deep over a 

crest 3 inches long, and may be regarded as nothing 

compared with the amount before the repairs, viz., 3 inches 

deep over a 2 feet crest. Deducting, too, the amount due to 

springs, there results a very small leakage, such as may be 

entirely prevented by resorting to the old method of caulking 

and pointing all the imperfect joints in the inner culvert 

when the reservoir is again empty." 

The repairs were about two months in being carried 
out, and from the inaccessibility of Lough Island Keavy 
many difficulties were experienced in procuring men and 
material. Also from the desire of some of the Directors to 
cm*tail e:q)enditure, and the hurry to let the water into the 
reservoir, many precautions I was anxious should be taken 
were foregone. The success, therefore, of the work rather 
exceeded my anticipations. 



[Bead 10th March, 1869] 



Descbiption of ike Ibon Lattice Gibdeb Road Bbidge, 
recently erected over the RiVEB Botne, at the Obelisk. — 
By William G. Stbype, Associate. 

The extensive and successful application of the lattice girder 
system of bridge of late years, so much used in railway 
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structure, which had been carried away by the action of ice, 

in time of floods, in the early part of the year 1867, some of 

the timbers having become decayed. The wooden bridge, 

together with the stone abutments, was erected over the 

Biver Boyne, close to the Obelisk, in the year 1856, at a cost 

of about £1,000. 

The new bridge has been erected upon the same site as the 
old one, the original abutments, as far as available, being 
used again. The abutment on the south side was merely 
taken down to the corbel course and rebuilt. The northern, 
or the abutment on the Obelisk side, was taken down to the 
fevd of the shore, and produced 28 feet into the river ; leaving 
a dear span, for the new bridge, of 120 feet. The general 
outline of the bridge may be gathered from the elevation and 
plan in Plate X, Figs. 1 and 2 ; the section Fig. 3, and also 
from the details in Plate X. The cost of the new bridge, 
including foimdation and stone work, was £2,540. 

Messrs. J. Neville, T. Searanke, and A. Tate, Civil 
Engineers, acted in the interest of the two connected counties, 
Meath and Loiith, as engineers for the work ; Messrs. Thomas 
Grendon and Co., of Drogheda, being the contractors for the 
whole of the work, including some slight alteration in the 
level of the approaching roadway on the Co. Louth side. 

The foundation of the new abutment on the north side was 
carried down, immediately under the girders, to 6 feet below 
the bed of the river at the side, and was built upon a concrete 
bed 5 feet thick, with a good gravel subsoil. Upon this was 
raised the masonry of rock ashlar up to the corbel course, 
cut stone work being introduced from this level upwards. 

As mentioned already,' the old abutment on the south 

ride was made available for the new bridge, after removing 

the old stone work down to the corbel course, and rebuilding 

with cut stone work, similar to that on the north side. 

The bearing plate stones, at the ends of the girders, are 
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tons or 150 tons on each, giving strains in the flanges of 220 
tons. The flange plates are 2 feet wide by 1^ inches thick 
in the centre, and are made up of four layers, viz., 128 feet, 
or the whole length of the girders, f inch thick ; 90 feet f 
inch thick ; 69 feet ^ inch thick ; and 48 feet ^ inch thick. In 
addition to this there are four lines of angle iron 6 inches X 
4 X f . The arrangement of the layers of plates, joints, and 
connexions, is shown on Fig. 7, where it will be seen that the 
outer plates, at the points A, B, C, and A', B', C^ are produced 
beyond the joints to form covers. At the points D, E, D', E', 
cover plates are provided ; in addition to this, at each of the 
joints, extra cover plates are placed underneath between the 
two inner lines of longitudinal angle irons, additional rivets 
are provided at the joints, placed between the middle con- 
tinuous lines of holes, thereby adding rivet strength to the 
joints, and also by the under covers localizing the direction of 
the strains in the flanges more to the centre of gravity of the 
material. 

Fig. 7 is also a diagram of strains in the web, and also 
gives the dimensions of the bars for a single plane of latticing. 

It will readily be seen from the arrangement of the flange 
rivets. Fig. 2, that the additional rivets at the joints of the 
plates do not in any way weaken the flanges by reducing the 
effective section, since from the nature of their distribution 
and the cover plates being carried beyond them, the advan- 
tage of lozenge riveting is obtained. 

The joints of the longitudinal angle irons are arranged to 
occur only between the intersections of the lattice bars, break- 
ing joints with each other and with the flange plate joints, 
and were formed of round-backed angle covers ^-inch thick, 
and solid bars, 6 inches X 1, let in between the adjacent pairs. 

Two planes of latticing are provided for each girder, the 
ends of the lattice bars being riveted between a pair of the 
longitudinal angle irons on the flanges. The triangulation is 
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coal tar was first laid, brought up a little over the level of 
the crown of the buckled plates, upon which was laid asphalte 
8 inches deep, consisting of broken stones, sand, and coal tar. 
This road-covering is retained laterally by wrought-iron plates 
12 inches wide by ^ inch thick. 

It will be noticed that the main girders are not in any way 
trussed or connected together, except by the road beams aud 
buckled plates — and it has been very well ascertained that 
any such bracing was not at all requisite, which clearly was 
shown by the absence of vibration in the bridge during the 
repeated attacks of strong winds so much encoimtered of late. 



1 . WEIGHT OF MATERIALS | 




Actual Weight 


Theoretical 
Weight 


Per centage 
lost 


Top flange, compression, 


382 cwt. 


302 cwt. 


26 per cent. 


Bottom do., tension, - 


382 ^ 


242 „ 


68 „ 


End pillars, compression, 


41 „ 


12 „ 


242 „ 


Latticing, compression, 


162 „ 


75 „ , 


114 „ 


Do., tension, 

Totals for girders proper. 
Hand rail bars. 


lU „ 


71 „ 


60 „ 
524 percent. 


1,071 cwt. 
26 „ 


702 cwt. 






35 Boad beams, 


315 „ 






70 Cast-iron chairs, 


44 „ 






Buckled plates and retaining 
plates, 


210 „ 






Aspbalte, 

Total weight of Bridge, 


754 „ 

• 


= 121 tons. 




2,420 cwt. 



The above table of weights gives the actual weight of mate- 
rial, theoretical weight, and the per centage of material prac- 
tically required over the theoretical quantity, or the loss of 
iron due to rivets, holes, cover plates, and stiffeners for the 
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main ^ders, and '65 cwt. for the roadway, the total being 
117 cwt. per square foot. Since the strength of the girders 
was calculated to sustain a total load of 3 cwt. per square foot, 
by adding the greatest load — say dense crowds — at 1*03 cwt. 
per square foot, to 117 cwt., the weight of the bridge, we 
have 2*20 cwt. for the maximum load, which, from the cal- 
culated load of 3 cwt. leaves '8 cwt. of surplus strength to 
allow for deterioration of the iron in the various sections. 
The cross bars, as will be gathered from the context, have a 
greater surplus than this. 

After the masonry had been completed and the bearing 
plates set in position, but before the terminal piers were built, 
the main girders were brought, in a finished state, up the 
river about four miles, from Messrs. Grendon and Co.'s Works, 
to the site of the bridge, upon a pair of pontoons. In taking 
the girders from the shore the services of the 30 ton shears 
erected on the wharf at the works were made available. Two 
ponts, each capable of floating thirty tons weight, being pro- 
vided, were prepared with a line of levelled blocks on the 
decks to receive the girders. 

The main girders, each weighing in round numbers 28^ 
tons, were removed separately to the site of the bridge as 
follows: — each girder having been brought to the edge of the 
river, was, with the aid of the shears, run out across the river 
and placed upon the levelled deck of one of the ponts. When 
well shored up from the pont, the girder was further pushed 
out into the river, and the near end caught up by the shears 
and placed on the deck of the second pont. The girder being 
now afloat, resting upon the ponts, the longitudinal centre 
lines of all being in the same direction, was towed up the 
river to the site of the bridge, and at high water placed upon * 
timber platforms prepared for it close to the abutments. 
It may be mentioned that the river Boyne is effected by tidal 
influence for some distance up beyond the site of the bridge ; 
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of the rivet holes for uniting together the different layers of 
pktes and angle irons, also the connecting together of the 
ends of plates or bars in girder flanges in such bridges as 
the one described, to which attention is invited. The three 
Pigs., 8, 9, 10, will illustrate the subject. 

Since it is of great importance to reduce to a minimum the 
loss of sectional area caused by having rivet holes at right 
angles to the direction of the flanges in iron girders, the lon- 
^tudinal lines of rivet holes have, in the best practice, been 
arranged in a zig-zag system to diminish the loss of iron. As 
it is desirable to have rivets pitched close enough to perfectly 
" stitch" the plates, a pitch will be arrived at for a given size 
of flange, which will, as dictated by experience, be the most 
suitable. In the case of girders for such a bridge as that 
described, where four lines of angle iron and a number of 
flange plates have to be united, say, four lines of rivets 1 inch 
diameter, at 6 inches pitch, are adopted for the purpose. 
This can be accomplished by either of the methods shown. 
It is obvious, by inspection of the Figs., that the lines of 
fracture of the plates, with the holes arranged as shown, 
will be as marked, and will depend in each case upon the 
upper or the lower lines of the fracture having the least 
effective sectional area. The following calculation will show 
the amount of material lost in the different arrangements : — 

Let the plates be 24 inches wide, and 1 inch thick, the 
effective area will consequently be 24 square inches. 

In Fig. 8 the plate is diminished in section by four holes, 
the effective section will consequently be (24 — 4) = 20 inches, 
and ^ of the total plate area is lost. 

In Fig. 9 the breaking line will be either as shown on 
the upper, or in the direction marked on the lower side of the 
Fig., depending on which has the most effective area. The 
area of the upper fracture is (24 — 2) X 1 = 22 inches ; that 
of the lower [2(2+5+^/52 + 32) — 4] X 1 = 21-66 inches, so 
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Dublin has lately spent an enormous sum of money to secure 
the priceless boon of a good supply of water, and this Institu- 
tion has heard and placed on record the manner in which the 
great work has been carried out; but the benefits of the 
undertaking are felt over a comparatively small area, so that 
its history and prospects do not command a very extended 
interest. The paper brought before the Institution this 
e?ening has for its object the description of what may be 
called domestic water works, and the author hopes that the 
record of his experience may prove of use to a wide range of 
country, in emboldening the members to utilize very low 
faUs, and scanty streams, for the purposes of eflScient water 
supply. 

The author's attention was first directed to the subject 
about two years ago, on being consulted by a gentleman in 
Dorsetshire, who wished to obtain water for his garden from 
the river Stour, which flowed at the bottom of it. The fall 
available was only three inches, and it was desired to raise 
five gallons per minute 26 feet, representing only 004 horse 
power. An undershot water wheel with curved buckets, 
constructed on General Poncelet's principles, was made, and 
set to work with complete success. The wheel is 5 feet in 
diameter, 2' 6" wide, working in a cast-iron case, the bottom 
of which is formed to fit closely to the periphery of the wheel 
for a space greater than the pitch of the buckets. Upon one 
end of the axle of the wheel is forged a crank plate, con- 
taining four holes at different distances from the centre, to 
receive a crank pin which works a pair of 2^^^ pumps, secured 
to the iron framing of the wheel race. The arrangement is 
similar to that represented in Plate II., Figs. 1 and 2, which, 
however, are the drawings of a wheel made subsequently for 
Earl Manvers, for a higher fall. The crank pin turns in a 
cast-iron block, sliding in a slot formed by the junction of the 
two cross heads on the ends of the pump plungers. By this 
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Plate II., Fig. 1, an ordinary street sluice-cock box being 
fixed, through which the attendant raisefi or lowers the sluice 
with a turncock^s key. A trap door is provided for access to 
the wheel, and oil cups on the several parts keep it lubricated 
for many days. 

It is scarcely necessary to point out that the comparatively 
high speed with which Poncelet wheels revolve, enables 
them to be applied to the purpose of pumping without the 
intervention of wheel-work or multiplying gear of any kind, 
the pumps at the same time remaining of moderate capacity. 
The proper speed for the periphery of a wheel is half that 
due to the fall, so that when the latter is only 3 inches, a 
5 feet wheel should make eight revolutions per minute, and 
may be driven at twelve without sensible loss of duty. With 
a 12" fall the proper speed is sixteen revolutions, and with 
2 feet twenty-two, while a 3 feet wheel with 10 inches fall, 
will make twenty-four turns per minute. The common con- 
trivance of a crank plate, with several holes for the crank pin, 
at various distances from the centre, offers a simple and 
convenient means of varjring the power of the wheel according 
to circumstances. 

Where the falls become greater than 3 feet, it becomes 
convenient to adopt a different arrangement, chiefly with the 
view to economy of material. Plate II., Figs. 6 and 7 repre- 
sents a Poncelet water wheel and pumps, erected last year at 
Terling in Essex, a village which the members may recollect 
was devastated by fever a couple of years ago, in consequence 
of defective sanitary arrangements. The fall in this case is 
5' 9", the wheel only 7 feet diameter, and 12^ inches wide. 
In the ratio between the fall and the diameter of the wheel, 
the author believes he has far surpassed anything that has been 
attempted hitherto, the usual rule being to make the diameter 
at least twice as great as the fall ; but the result quite justified 
the experiment, and there does not appear to be any reason 
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in theory against reducing the diameter of the wheel from the 
proportions recommended by Poncelet, provided the buckets 
«re deep enough to prevent the jet of water rising over their 
inner edges, which result is obtained if the depth of bucket 
is made not less than a quarter of the fall, because the velocity 
of the periphery of the wheel being half that of the impmging 
jet, the relative velocity of the bucket and the water is roughly 
half that due to the fall, and hence the stream of water, setting 
friction aside, would mount the bucket to one-fourth the height 
of the fall. The shrouds and buckets of the Terling wheels 
with the view to great durability, are made of cast-iron in one 
piece, with cast-iron arms bolted on to either side, the whole 
being keyed upon the shaft of a cast-iron three-throw crank, 
actuating a set of horizontal pumps 4^' diameter, 9" stroke. 

The water is admitted by a 12'' square pipe, bell mouthed 
at its upper end, and terminating at the lower in a jet piece 
comprising a portion of the race fitting the wheel for a greater 
space than that between two buckets, and a wooden 
shuttle or sluice working against a planed surface, and 
actuated by a gun metal screw and nut through a pair of 
bevel wheels, by a hand wheel from the platform covering the 
wheel pit. By this arrangement an important feature in 
Poncelet wheels is secured, namely, making the length of the 
jet between the orifice and wheel as small as possible. 
The wheel makes 26 revolutions per minute, and the pumps 
deliver forty gallons in the same time, to a height of 80 feet, 
representing barely one horse power. As an illustration of 
the compactness attained by this system, it may be mentioned 
that the present wheel and pumps fit into the wheel race of an 
old breast wheel that was removed to make room for them 
about 18 inches of the wheel cover only appearing above the 
old side walls. 

When the fall exceeds 6 feet, recourse must be had to 
turbines, but these, as the fall increases to about 20 feet. 
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at 40 revolutions; but with single cylinders they will not 
pass their centres with certainty at much' less speed, and they 
will work smoothly up to 100 revolutions. The inlet pipe is 
provided with an air vessel just at its junction with the 
cylinder, so as to destroy the motion of the water at the end 
of each stroke gradually, and without shock. The slide valve 
is of gun-metal, working against the natural face of the iron 
cylinder. The greatest enemies to hydraulic machinery of small 
power are weeds and dead leaves; the only way to escape 
them is to take the water from favourable spots, and to 
construct two or three efficient gratings. These for low falls 
must be very large, and are best made inclined, so as to be 
easily raked clean. 

In conclusion, the author may remark, that the machinery 
described has all been made repeatedly, and is at work in 
various parts of England, so that this paper may be regarded 
as a record of work actually done, and in satisfactory opera- 
tion. 



[Read May 12tli, 1869.] 



On a Simple Method of Surveying by Plane Table. 
By Colonel Meadows Taylor, C.S.I., C.E., Member. 

ABSTRACT. 

The object to be attained, is a survey on the principle of the 
Theodolite, by back sights as well as forward, on the plane 
table. The only other instrument necessary is a ruler sight 
with a fine hole, or holes at different altitudes, to suit 
inequalities in the ground ; a brass plate at one end, and a 
narrow brass frame carrying a perpendicular hair, at the other. 
The edge of the ruler, which may be divided into a scale of 
parts, being in an exact line between the sight holes and the 
hair, so as to avoid any parallax. 
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clamp the table .on D^ and if the work is right, the flags at 
each station will be covered by the hair sight in succession. 

There are now three proved checks by sight; but as a 
further and more exact proof that the triangles ADC, 
and ABC are correct, measure the base A C on a right line 
from A to C ; then wherever you find it on the line, say E, 
take the perpendicular E D. If the distance from A to E, 
and if the perpendicular E D correspond on the ground, and 
on the paper, and the table clamped at E, give sights agreeing 
with all other points, the triangle A D C is proved. 

In the same manner prove the triangle A C B. There are 
now two triangles proved by back and front sights, and by 
the measurements on the ground and on the paper, of their 
bases and perpendiculars, and they may be accepted as 
correct. The survey may now proceed in any direction from 
either of the proved triangles, on exactly the same plan, always 
working by back and front sights, with check sights on the 
original bench marks, or other points of triangles, which have 
been tested^ as already detailed, by measurements of bases and 
perpendiculars. 

Practice with the plane table will suggest many short 
methods to accurate results, and the marking off and plotting 
irregular portions of ground, rivers, &c., by offsets; but I 
have thought it better to avoid details, and confine myself 
to elementary principles. 

It will depend upon the state of the atmosphere how far 
flags at original bench marks can be seen with the naked eye ; 
and it need hardly be said that while new ones can always be 
laid down in extensive surveys, the field work should not go 
on very far without them. 

By these simple methods, native Indian surveyors in- 
structed by me in the use of the plane table, laid down 
extensive and intricate surveys' of village lands, and every 
field on them, with such correctness, that no perceptible error 



OF CITIL ENOLNEBBa OF IBELAND. 



Bxi'XuiuiiTB SIadi at Ebuh, JdiiI 9, '. 



OP CIVIL BNGINEEBS OP IRELAND. 



95 



Experiments on a Dovble-hoUomed Animal Size-dissolving Boiler, 
8' 6" dia., 3' 6'' deep; weight, 10 cwt. 1 qr, 21 lb. 

PiBST EXPBBIMENT, JULT 10, 1869. 
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In reducing these experiments, as in the former case, the 
by evaporation during the heating of the water to the 
boiling point must be computed from the observed difference 
in the depth of the water, its known rates of expansion, and 
that of the wrought iron boiler. In this instance the depth 
of water had actually increased ^" at the end of the first 
portion of the experiment, notwithstanding which 16*55 lbs. 
of water had been dissipated by evaporation. 

The comparison between the number of heat units in the 
condensed steam collected, and that in the effect produced, 
stands as follows : — 
232*9 lbs. Avater, condensed from steam at 46 lbs. Units. 

pressure, 294° temp., 981° latent heat, - - 228,474 
232*9 lbs. water cooled 212° to 2042 = 7*8° = - 1,817 



Total, . . - . 230,291 
The boiler itself was very unequally heated ; the lower part, 
including the steam space, and weighing about 652 lbs., was 
probably at the steam temperature of 294° ; the upper part, 
weighing 517 lbs., was about a mean between 212° and 90° 
or 151°, upon which assumption the units of heat absorbed 
by the boiler have been calculated. Units. 

1,376 lbs. of water raised from 80° to 212° = 132° - 181,632 
Absorbed in heating boiler, - - - - 20,056 

16*53 lbs. of water evaporated; latent heat, 966°, - 15,987 

Total, - - " - 217,675 

Loss, - - . - - 12,616 

230,291 
The loss in this case amounted to nearly 5 J per cent., and 
must be sought chiefly in the difficulty of ascertaining accu- 
rately the quantity of water evaporated. The mean tempera- 
ture of the water was — — = 146°, and the difference 

between that and the temperature of steam 148°. 

H 
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The effect produced, making the proper calculations for 
loss by evaporation, as already described, was as follows : — 

Units. 

592-41bs., heated from 70^ to 210^ - - - 84,120 

Heating tank, - - - - - - - 21,608 

Evaporating 10-15 lbs., at 212^; latent heat, 966°, 9,824 

Total, .... 115,562 

Showing 17,060 units more heat used than there appears had 
been supplied, an error of at least 18 per cent., an amount so 
large, as compared to those on all the other experiments, that 
it has arisen evidently from a large error of observation in the 
quantity of water condensed. This part of the experiments 
was, indeed, the most difficult to carry out accurately, because 
there was no means of ascertaining when all the water had 
drained out of the steam space, especially when the boiling off 
experiments followed hard on those for heating, and it was 
desirable not to allow the water due to the steam contained 
in the steam space being added to the water condensed in 
course of the experiment. There can be no doubt that the 
observations on the effects produced were correct; it will be 
advisable, therefore, for the sake of the comparison, to be made 
presently, of all the experiments, to assume the heat units 
in the condensed steam to exceed those of the effects produced 
by about 4 per cent., and to take them, say, at 120,182! With 
this correction the number of heat units transferred to the 
water and the boiler per square foot, per difference of degree 

. 120,182 „„ 

P^^ ^^"^' 104- X 156- = ''' 

During the boiling-off experiment, which followed imme- 
diately, and which lasted one hour, 123*4 lbs. of water were 
evaporated, the mean steam pressure being 472 lbs., yielding 
12*94 lbs. of water of condensation. The comparison here 
comes out quite satisfactorily. 
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Fourth Easperimenty on August 18<A, 1869, with same BoUer. 
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The experiment of the 17th August gave 882 lbs. of water 
heated from 84'' to 212°, in 54 min. 20 seconds, by 147*53 lbs. 
of water condensed from 30*8 lbs. steam, and the comparison 
between the units of heat given out by the steam and absorbed 
by the water and boiler is as follows : — 



147-83 lbs. condensed steam, 986° latent heat, 

Effect produced : — 
882 lbs. of water heated from 84° to 212° = a rise of 

128°, 

Heating boiler, 

15*4 lbs. water evaporated at 212°; latent heat, 

966°, 



Units. 

145,464 



112,896 
18,114 

14,876 



145,886 
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Summary of Experiments on Heating and Condensing through 

Metallic Surfaces, 



Authority 
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"Ripon," - 
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With the exception of the first part of the experiment of 
July 12 there had been a very satisfactory agreement between 
the units of heat calculated to have resided in the steam and 
those absorbed by the boiler and the water it contained ; it is 
fair, therefore, to conclude that the observations recorded were 
substantially accurate. How, then, are we to account for the 
great discrepancy in the results? Those obtained from the 
tubular heater being nearly 20 per cent, less than the average 
of the experiment of the 10th and 12th of July, with the 
double-bottomed boiler, while the latter were 36 per cent, 
below the mean of the results obtained from the very 
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minute ; this case, therefore, for reasons which will be alluded 
to hereafter, cannot enter into comparison with the experi- 
ments now being recorded. 

A more satisfactory agreement, however, may be traced in 
examples of surface condensers. In the 1861 edition of 
Bourne will be found the leading dimensions of the engines of 
the " Hansa," by Caird & Co. 

Two cylinders, 80" diam., 3' 6" stroke, 251b. steam 
pressure surface condensers, with 3,584 brass tubes 1" external 
diam., 7 feet long, the circulation kept up by two double- 
acting pumps, 21" diam., 2 feet stroke. As usual in such 
descriptions some important fact is omitted ; in this case the 
speed of the engines is not stated, but assuming the pistons to 
run 300 feet per minute, it would give 43 revolutions, a usual 
speed for large screw engines. Supposing the cylinders to be 
three-fourths filled with steam each stroke, 15,705 cubic feet 
of 25 lb. steam would be consumed per minute, equal to an 
evaporation of 1,464 cubic feet of water per hour in the 
boilers, yielding on condensation and cooling down to 120°, 
after allowing 5,624,953 units absorbed by the power given 
off, 90,717,585 units of heat. The condensing surface is 
6,565 square feet, and the two double acting pumps, running 
43 strokes, will deliver 49,536 cubic feet per hour, which, 
absorbing the heat of the steam condensed, will be raised 
29°'4, or, say from 60° to 90°. The mean temperature, 
therefore, of the condensing water would be 75°, the mean 
temperature of the steam and water in the condenser will be 
about 166° ; the mean difference in temperature between the 
two faces of the condenser will be 91°; and the number of 
units of heat transferred per square foot per hour, for a 
difference of 1°, will be 152. 

Again, taking the Peninsular and Oriental Co.'s steamship 
'*Ripon," with two cylinders 76" diam., 7 feet stroke, having 
surface condensers, with 4,777 Muntz metal tubes 6' 4'' long. 
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be perceived. It occurred to him that probably his metallic 
surfaces were covered by an immovable or, at any rate, very 
sluggish layer of liquid, which, being a bad conductor, opposed 
so much resistance to the passage of heat that that of the 
plate became inappreciable by comparison. He accordingly 
constructed brushes which wiped the surfaces of the discs 
1,600 times a minute, and under these conditions he fouftd 
that the second law laid down held good also. It follows 
from the above that the duty of surface heaters or condensers 
wiU depend very much on the nature of the surfaces and the 
freedom with which the films of water in contact can be 
changed. As long as water is merely being heated the circu- 
lation is comparatively slow, but when it begins to boil it is 
more rapid, fresh particles are brought more often into 
contact with the heated plates, and hence the result obtained 
by the author, that more heat imits are transmitted in boiling 
than in heating water. This view is further confirmed by 
comparing the velocity of current in the St. George's Hospital 
heater and the surface condenser of the " Hansa." In the 
former 323'4 cubic feet passed through an area of 41 square 
feet in 4f hours, at an average speed, therefore, of 0*28 feet 
per minute, and 63 units of heat were transferred per square 
foot per hour, for one degree of difference ; in the latter case 
49,386 cubic feet per hour flowed through 14*94 square feet, 
or at average speed of 55 feet per minute, and 152 units of 
heat were transferred. It would seem, therefore, that the 
rate of transfer of heat is a function not only of the difference 
of temperature, but of the velocity of the current ; its nature, 
however, in the latter case cannot probably be determined 
without special experiments. Again, during the month 
which elapsed between the two sets of experiments on the 
double-bottomed boiler it is probable that the surfaces of the 
plates, which were unpainted, rusted; very likely the black 
oxide of the natural plate dropped off, and so presented 
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ADDRESS 

BY 

J. BALL GREENE, Esq., C.E., 

PBESEDSNT OF THE INSTITUTION, 
COMMISSIONER OP VALUATION IN IRELAND, ETC., ETC. 

(Delivered on the Evening of Febraary 9th, 1870.) 

Gentlemen, 

In attempting to review the present position and 
prospects of our Institution, I desire, in the first instance, to 
tender an apology for any short-comings observable in the 
course of my remarks, as from certain circumstances in con- 
nexion with a committee appointed during the last Session 
of Parliament, to which I need not further refer, my attend- 
ance at our meetings has been unavoidably less regular than 
I could have wished, and in consequence, it may not be in 
my power to discuss the papers communicated to us, in a 
manner suited to their importance ; and I feel it the more 
necessary to premise this consideration, with a view of 
escaping too unfavourable contrast with my predecessors who 
have hitherto occupied this chair, for, as I have already 
expressed, in opening the session during which it has been 
my privilege to preside, so I beg to repeat the acknowledgment 
of the sense in which I hold the distinction you have conferred 
upon me. 

In the few remarks I ventured to make upon assuming 
the oflSce of your President, you may remember that I ex- 
pressed some mistrust and diffidence relative to the efficiency 
of the subject of your choice during my tenure of so honour- 
able a position ; and I referred to deficiencies which I then 
foresaw as more than probable, owing to which I was led to 
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the most insignificant and otherwise unavailable sources, over 
extended areas, by means of his comparatively cheap and 
simple ** domestic water works." 

It is only a few years ago that his attention was 
directed to this object, owing to a want expressed by a 
gentleman in Dorsetshire, who required a water supply for 
his garden, the source of such supply being, however, limited 
to the River Stour flowing several feet beneath, having an 
available fall of only 3 inches, which represented not more 
than 004 horse-power. 

The quantity of water requiretl to be raised, 26 feet per 
minute, amounted to 5 gallons, and Mr. Anderson immediately 
recognized the application of a Poncelet, or undershot stream 
wheel for that purpose, which, furnished with curved buckets, 
and fixed in a cast-iron case, would work a pair of connected 
pumps, by means of an attached crank-plate with holes to 
receive a crank-pin turning in a cast-iron block. 

I cannot, of course, here refer to the minute particulars of 
this interesting contribution, but I may express a hope, that, 
when appearing in full in our Proceedings, it will be so 
effectively illustrated, as to afford exact information respecting 
the machinery, which has already been found so successful. 

The success of the Poncelet wheel led to the construction of 
many others, of various dimensions, on the same principle, 
and for varying falls, and lengths of rising pipe. 

In the case of higher falls (say 2 feet), the speed of the wheel • 
was regulated by the employment of a sliding plate introduced 
between the head-race and wheel ; and this last is set in motion 
or stopped by a common wooden sluice working in a cast-iron 
frame by means of a gun-metal screw and nut 

One of the wheels in use, 3 feet in diameter, and supply- 
ing J of a gallon of water, 8 feet high per minute (constructed 
for a Mr. Jackson, near London), is described as representing 
horse-power only to the amount of 0018, being but 8^ inches 



OF CIVIL ENGINEERS OF IRELAND. 119 

The embankment in which the leak occurred is the principal 
of the four required to impound the water in the reservoir, 
and being 700 yards in length with a maximum depth of 40 
feet, it rises 5 feet above the level of the water, to the top, at 
which it is 12 feet wide. 

A suitable dry foundation having been selected, the 
puddle trench was cut to a thickness of 12 feet at a depth of 
40 feet beneath^ and 8 feet at the surface. 

Mr. Bateman further introduced a novel expedient to protect 
the inner sides of the puddle and slope of the embankment, 
consbting of compressed, and almost dry peat, to form casings 
3 feet in thickness, and one of these would be surmounted 
with 18 inch gravel, and 2 feet stone-pitching courses, as 
usually overlaid the inclined inner surfaces of reservoirs. 

The embankment thus became all that could be wished, 
and its failure is attributable to defects in the construction of 
the discharge culvert beneath, the percolation of water being 
chiefly due to rough backings of rubble erected behind its side 
walls contrary to Mr. Bateman's advice, which cutting through 
the puddle barrier, as well as the embankment itself, formed, 
in fact, a filter, as if leakage had been the object in view. 

Not that, I would say, such a rubble support, or, as it 
were, spandrel wall, \{ properly constructed and puddled^ would 
have been a violation of correct principle, but, many of the 
joints of the culvert itself, from the pressure, served as so 
many fissures or inlets for water, by the removal of the 
mortar, while the moist foundation beneath the disintegrated 
concrete in which the invert was set (with even a space 
intervening between these latter), in addition to the exterior 
roughness of the arch masonry (undressed to the circle), 
and the partial subsidence of the stone pitching, afforded 
increased evidence of the disaster. 

Under these cirumstances, many temporary expedients were 
adopted, with varying success, such as oakum caulking and 
Roman cement, when with a view to lasting effects it became 
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of the profession, to which he (in common with ourselves) 
had the honour to belong, not only here, but in England, 
who, in conjunction with other sympathizing friends, so 
promptly displayed their appreciation of his private character 
and public services, by the generous rescue of his bereaved 
survivors from the calamitous effects of a misfortune, incurred 
for the public benefit, by which he was deprived of a con- 
siderable private fortune ; while such an instance as this may 
also be practically advantageous, in the warning it affords 
to contractors of the danger of insufficient estimates arising 
from unexpected impediments. 

The rival estimates, at the commencement of the works, 
were so numerous, that, when the execution of a tunnel from 
the principal reservoir at Roundwood (through the strike of 
above two miles of rock) unfortunately devolved on Mr. 
Greene, he was obliged himself to bear the expense of an 
undertaking which the citizens now enjoy; but perhaps no 
adequate estimate could have successfully competed, had the 
unusual quantity of underground water been foreseen, or had 
due provision been made for the obdurate character of the 
interstratified quartzite to be excavated, which, in this 
schistose district, dips at high inclinations ; and (as I had an 
opportunity of observing with Sir Eichard Griffith) it some- 
times assumes the character of solid or amorphous quartz- 
rock, similar to that of Bray-head. 

Little remains to be said in resuming the subject of the 
Bann reservoir efnbankment, beyond a rapid reference to the 
temporary repair I have already mentioned, which, in the 
year 1867, was entrusted to Mr. Smyth, who found it neces- 
sary to lay bare and examine the defective joints in the 
masonry of the culvert for some distance, which he filled with 
a grout, composed of a paste of Portland cement containing a 
bond of comminuted cinders, in preference to sand, which 
latter has a tendency to subside rather too quickly. 
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Stationary position of the inquiry will rather stimulate further 
endeavours, than offer any discouragement in the prosecution 
of investigations, the importance of which are obvious. 

The means available for the purpose of determining the 
respective disposal of the several units of heat, may on a 
foture occasion, prove more suitable for the purpose, as 
Mr. Anderson refers to certain deficiencies with respect to 
the capacity of the boiler, as well as of the inlet and outlet 
pipes of the apparatus employed ; but desiring him the 
fullest measure of future success, to whatever conclusion it 
may lead, I think we had better refrain at present from 
premature observations, which might be rendered utterly 
worthless hereafter, in the presence of results as yet undeter- 
mined. 

Colonel Meadows Taylor (one of the Members of our 
Council), contributes a communication on "A Practical 
Improvement in the Use of the Plane-table," the effective 
application of which, I would say, comes out to view in the 
conclusion of his paper, in the reference made to its value in 
the hands of native Indian surveyors, instructed in its use by 
himself. 

We are all aware of the displacement of this and other 
primitive methods of surveying by the introduction of modern 
improvements ; but in the absence of better instruments, and 
in backward or remote localities, especially in such a country 
as India, there is no saying how far this design may not 
provide a substitute, perhaps, more suited to the capacity 
of a simple population in effecting a survey of their native 
village lands; the original plotting of which can be easily 
transferred to the fair plan, without the intervention or 
^uble of any field book. 

The improvement before us consists in the application of 
the principle of the Theodolite to the Plane table, by means of 
finely perforated rising ruler sights, and a perpendicular hair, 
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rendering it, in fact, a working paper, which assumes so much 
the character of a specification^ as to supply the information 
required for the construction of a similar design elsewhere. 

Considering the time at our disposal, and apologizing for 
the weariness I may perhaps have already inflicted, I cannot 
at this late hour propose to consider this communication as 
its merits would probably demand, so I shall limit myself to 
a few general observations. 

There cannot be a second opinion as to the advantages, in 
some respects, to be derived from the substitution of the 
Railway system of Bridges for that hitherto in use for the 
conduct of ordinary road traffic ; and in the instance before us, 
a partially decayed wooden structure, which was destroyed 
in consequence of a flood early in the year 1867, has been 
replaced by a durable and elegant iron lattice-girder bridge of 
120 feet span (120 tons in weight), the component parts of 
which have been manufactured at the works of the Messrs. 
Grendon, and adjusted in their respective positions under the 
superintendence of Mr. Strype. 

Owing to the contrast which exists between the application 
of the same description of bridge to different purposes, such 
as to railways on the one hand and public roads on the 
other, whereby, in each case, strains can, or cannot be 
modified, according to the certainty or variability in the 
weight and direction of passing loads, great care has been 
taken to secure the present structure from future disaster, by 
applying a sufficient test, which the specification stipulated 
should amount to a distributed load of 350 tons; and 
although it was subsequently found impracticable to adhere 
literally to this provision, Mr. Strype is of opinion that the 
test actually applied, amounting to about one-half that 
specified, or (including the weight of the bridge itself) 180 
tons, was amply sufficient, as it was not probable that the 
bridge would be required to sustain a greater weight* 
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some curiosity, being *' Some Remarks on a Novel Means 
of Transit for Minerals in the County of SHgo," and though 
the precise locality is not specified, I take it to be " Glencar- 
bury," a portion of the estate of the late Erasmus Smith, 
situate on the King's Mountain, in the county of Sligo, 
where sulphate of barytes has been discovered in considerable 
quantities. 

This means of transit, though acting by weight, without 
intervening supports, in a sloping direction, instead of by 
steam motive power, may probably be considered analogous* to 
the system of the " wire-tramway," invented by Mr. Hodgson, 
who suggested it to Mr. FfoUiott Barton, the proprietor of the 
mine; and the well-known principle of the self-descending 
and returning trucks on the steep double lines of tramway 
leading from certain quarries or collieries is similarly sug- 
gestive, as — say, in the case of the Austrian Lignite Mines 
in Bohemia, where the means just mentioned is in operation 
for various, and, often, considerable distances, on highly 
inclined tramways, but still I concur with Mr. Cotton rela- 
tive to the importance of recording the present instance. 

Assuming " Glencarbury," as marked on Sir Richard 

Griffith's Geological Map of Ireland, to be the exact locality 

in which the mine is situate, I may observe, that a lode, or 

deposit, in veins or pockets, yielding almost unmixed sulphate 

of barytes, is a rare circumstiince, as it usually forms only a 

portion of the "gangue," or assemblage of minerals and 

" gossans" which accompanies the ore of metallic lodes, as in 

those, for instance, of the West Carberry or Bantry mineral 

district of the county of Cork, where barytes is also raised 
for export. 

* But only analogous, as I have been subsequently informed by our Secretary 
(Mr. Stoney), that the author does not regard the principle of the above 
invention as identical with that of the ivire-tramway. 

I regret having unavoidably lost the opportunity of hearing Dr. Downing's 
late paper, containing an account of the combined use of the wire cable and 
hempen rope for a purpose similar to that described in Mr. Cotton's paper. 
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Mr. Stoney's remark) seem to be, theoretically, reducible to 
those of half a suspension bridge, and they can be ascertained 
in the same manner. 

It is a remarkable circumstance, in connexion with a cable 
of such an enormous curve or span, that the attached boxes 
or skips, though uncovered, should not be affected to any 
serious extent by the vibratory motion arising from the action 
of high winds ; but, I would suppose, that in addition, per- 
haps, to the advantage of a comparatively sheltered situation, 
further protection is afforded from their influence by the 
speedy removal of the descending mineral to lower, and, in 
consequence, calmer levels. 

The experiments having hitherto proved so successful, I 
would express a hope that Mr. Barton may be able to devise 
any further practical improvements found desirable, such as 
a means of obviating the inconvenience arising from the 
frequent renewal of the stationary wire hooks, which might, 
perhaps, be effectively transferred to the suspensory gear of 
the skips, provision for their reception being made on the cable ; 
and any means of increasing the durability of the latter, by 
securing it, as far as possible, from the inequalities of wear, 
due to friction or attenuation, will add much to the value of 
the original design. 

I should have wished, if possible, to close my hasty 
reviews of the several papers of the session by referring to the 
communication of Mr. Alexander M'Donnell (one of our Vice- 
Presidents), relative to the sliding crane used for the removal 
of machinery in the Inchicore workshops, but, as it has not 
yet been embodied in writing, I can only hope he will prepare 
it for publication, with a view to the preservation of the 
interesting details we have heard. 

The course I have hitherto been led to adopt in addressing 
you has been the result of an opinion, to the effect, that (at 
least occasionally), the paramount duty inherent in the Presi- 
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besides engineers engaged in extensive undertakings (which, 
after all, is the lot of comparatively few), and I would also 
think that agents of estates, and others interested in the 
improvement or disposal of property, as well as building- 
surveyors, agiiculturists, valuers, &c., will all be in a better 
position to pursue their respective objects by possessing the 
superior qualifications and stamp a University course of 
instruction is calculated to confer, than if devoid of such 
systematic and special cultivation. 

Should the legislative expedients now in contemplation 
hasten the advent of a more prosperous period, the unhappy 
circumst£tnces hitherto surrounding our unfortunate country 
may be dispelled, and replaced by a corresponding increase of 
the improvements and projects in which we have, in com- 
parison to other countries, been so long deficient ; and should 
Government be successful in effecting a satisfactory arrange- 
ment in connexion with the occupation of land in Ireland, we 
may reasonably hope to participate in the benefits arising 
from the restoration of public confidence and enterprise likely 
to ensue. 

Though disinclined to draw comparisons with the improve- 
ments and works of other countries, too unfavourable to those 
of our own, I fear, that, in numerous particulars, we shall 
still be obliged to acknowledge a contrast, for which it is 
difficult to assign an adequate cause, if (though, perhaps pro- 
perly, pleading the adverse pressure of factitious circum- 
stances) we altogether refuse to admit some degree at least 
of public apathy and indifference. 

Possessed of many natural and local advantages, Ireland is 
still behind not only the sister country, but even certain 
states which we have hitherto been accustomed to depreciate, 
such for instance as Spain, where, notwithstanding, we find 
that at the present time there are not less (completed or 
open) than 60 (exclusive of branch) lines of railway, com- 



OF CIVIL ENGINEERS OF IRELAND. 139 

have resulted, had the route and dimensions of such a midland 
water-passage as the Grand Canal been designed, with more 
ambitious views, as well as with less divided counsels, under 
competent engineers, at least, if we are permitted to argue 
from the complex and expensive Dutch Canal now proceeding 
on a great scale, under Mr. Hawkshaw^s directions, the 
construction of which has become indispensable, from the 
necessities of an increasing commerce having outgrown the 
means of transit hitherto in existence. 

Though prematurely opened, the practical completion of 
the railway from New York to San Francisco, over the Rocky 
Mountains, iti the United States of America, directly con- 
necting the shores of the Atlantic and Pacific Oceans, affords 
a further instance of the success of designs, which, from their 
magnitude,* would formerly have been dismissed as chimerical, 
so that at present few proposals, within the limits of possi- 
bility, are regarded as impracticable. 

Frequent mention is, from time to time, being made of 
enterprises of a like kind, and in many cases companies have 
been formed for their promotion, as may be observed in the 
various proposals for the extension of telegraphic communi- 
cation, encouraged, no doubt, by the almost unexpected success 
of the great Atlantic cables, and the facilities offered by the 
Great Eastern Steam Ship, so that at no very distant period 
we may look for the establishment of easy relations with, not 
only remote places in foreign countries, which ha.ve hitherto 
been scarcely regarded as worthy of attention, but with the 
most distant points of our own colonial empire, to which, iu 

* A similar conception is afforded by the expected dimensions of the 
proposed Hudson River Suspension Bridge, near New York, to command a 
clear span of 1,600 feet, at an elevation of 155 feet above high- water mark, 
suspending a total weight of nearly 10,000 tons, and estimated to bear six times 
tiie weight ever imposed. The cables, of 1 4 inches diameter, are expected to 
comprise about 70,000 miles of steel wire, the approaches and towers consisting 
of, Bay, 50,000 square yards of solid masonry. 
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Unlike the kte Mr. Pearson's proposal to raise the valley 
by 15 feet, the principle of Mr. Haywood's design is charao- 
terized by great simplicity, and may be described to be the 
successful creation of an almost straight and level viaduct, 
1,400 feet long by 80 feet wide, with roadway and side paths 
sufficiently inclined for drainage (50' x 15'), from Newgate, 
by Skinner-street, to Hatton Garden, on what might be 
termed a tubular principle of cancellated or cellular structure; 
as the medium of support consists of a mere triple, or com- 
pound congeries of continuouB vaults or cellars, securely 
rooted in the London clay, the central roadway resting on a 
series of double arches (24' span), with lofty tiers or storeys 
of transversely divided vaulting (10' span), which, from a 
concrete foundation, rise like terraces to the required height 
on either side of the roadway, serving to sustain the footpaths, 
and, with the larger cellars, to afford, in addition, accommoda- 
tion for the storage of goods, the principle thus developed 
containing a germ of wider application. 

The bridges in connexion with the viaduct admit of little 
further remark, as the description of that across Farringdon- 
street, which forms the ornamental feature of the undertaking, 
has in some measure been anticipated in considering the more 
extensive Blackfriars' structure, the difference being mainly 
due to change of situation, which rendered it necessary to adopt 
the oblique principle (diagonal angle about 55°) for a cast- 
iron coupled girder skew bridge, 117 feet long by 80 wide, 
consisting of a 66 feet central, and two narrow lateral 
spans. 

The masonry, and iron- work* for the balustrades, spandrels, 
&c., as for Blackfriars' Bridge, are of an elaborate character, and 
several varieties of granite (Isle of Mull, Aberdeen, Guernsey, 
or Devon), and Portland stone are used for the twelve sup- 
porting columns and solid abutmtots, the foundations of which 

* The castings, and iron-work generally, were completed by the firm of 

Cochrane, Grove, and Co., the East Indian railway contractors. 
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